Abstract: A regression model for simulating residence time distribution (RTD) of turbulent flows in helical static mixers is proposed and developed to predict the residence time distribution in static mixers. An efficient method is required to estimate the RTD and the sole means of achieving this is through detailed regression model. The RTD was calculated numerically by regression model. The results of the regression model, i.e. predicted RTD is presented in terms of different volumetric flow rate to illustrate the complicated flow patterns that drive the mixing process in helical static mixers. The regression model is found to fit the experimental RTD with a high degree of correlation.
INTRODUCTION
Actual reactors deviate from these idealised
The products of chemical reaction undergo further profile, velocity fluctuation due to molecular or turbulent physical treatment such as separating, purification etc., diffusion, short circuiting of fluid elements, bypassing for the final desired product to be obtained. Chemical and channelling, presence of stagnant regions due to treatment steps are conducted in vessels known as reactor as result of agitation etc. As mentioned earlier, the reactors, which are stirred tank reactors (backmix reactors) plug flow reactor having many advantages over backmix and plug flow reactors. The majority of unit operations reactor is centered on a fact that the movement of each that serve these material transformations are basically particle is always forward in the form of a 'file' and no mixing or separation in nature. Chemical treatment steps backmixing is allowed. The residence time of each fluid are conducted in vessels known as reactors, which are elements flow in the form of a 'file'. To establish such a stirred tank reactors (backmix reactors) and plug flow situation in actual reactors, the fluid flow through the tube reactors. Actual reactors deviate from these idealised must be under turbulent conditions. concepts. The deviation is due to non-uniform velocity A list of commercial static mixers and their profile, velocity fluctuation due to molecular or turbulent applications has been described by [2] [3] [4] [5] [6] [7] . Large Eddy diffusion, short circuiting of fluid elements, bypassing simulations of a compressible turbulent flow through a and channelling, presence of stagnant regions due to duct of square cross-section with a discrete heating reactor shape and internals and recycling of fluid elements source is presented in [8] . The performance of a newly within the reactor as a result of agitation. The discrete developed Centrifugal Phase Separator (CPS) is (stagewise) backmixing model was considered as the best investigated using RANS-based two-phase computational model representing residence time behaviour in the smallfluid dynamics (CFD) and experimental model studies. The scale tube [1] . Mathematical modelling coupled with cyclone separator consists of two volutes (inlet and rigorous statistical methods has been of great assistance outlet) connected with a cylindrical tower; recirculation of in understanding and quantifying the flow in a reactor as the flow within the tower ensures adequate centrifugal it is critical for predicting performance of the reactor.
forces for phase separation. Numerical calculations are concepts. The deviation is due to non-uniform velocity performed using the commercial CFD code FLUENT for different mesh types, turbulence models, advection schemes and mesh resolution [7, 18] . Assessment of aerodynamics in the space between tubes of the fluidized boiler is present in [9] . Numerically elucidated the velocity Beld, pressure drop and residence time distribution of the static mixers [10] [11] [12] [13] [14] [15] . Most related works considered the aspect of macromixing, by elucidating the residence time distribution (RTD) of mixers [2, 4, 5, 16] . RTD cannot properly reflect the complicated flow characteristics in the static mixers [8] . As the flow of fluids through a static mixer undergoes three types mechanisms, namely: (a). flow division, (b). flow reversal and (c). flow combination. Due to continuous flow division, flow reversal and flow combination at every element of the mixer the parabolic velocity profile cannot get established and therefore ideal plug flow conditions are approached. Hence the static mixer can be utilised for any process application of tubular chemical reactors where the Fig. 1 : Tubular flow reactor with helical mixing elements provision of narrow residence time is important. We also need efficient methods to estimate the RTD and the sole Concentric with the outer pyrex tube is an inner tube means of achieving this is through detailed regression of 22.4 mm outer diameter, 18.5mm inner diameter. A brass model. Such theoretical estimates need, however, always flange brazed to the tube is bolted to a corresponding to be thoroughly checked against observations in Static perpex flange, fastened to the pyrex tube with an mixer. This is a rather difficult task, since methods to adhesive. Figure 1 show the unit with mixing elements. To estimate RTD from observations are not unique and can the brass tube the helical elements are brazed. Each be subjected to strong criticism. The RTD was calculated element consists of two 0.8mm brass sheets 6.2mm wide, numerically by the Regression model. The results of the carefully cut and twisted to form part of a helix of 60mm regression model-the predicted RTD-are presented in pitch. The elements are of half a pitch in length i.e. 30mm. terms of different volumetric flow rate to illustrate the These are brazed to the outer circumference of the tube complicated flow patterns that drive the mixing process in 180°apart, alternative elements are right-handed and lefthelical static mixers.
handed and each one is at right angles to the adjacent
MATERIALS AND METHODS
seventeen left-handed and eighteen right-handed.
The equipment consists of an outer pyrex tube of A hypodermic needle No.22 is used to inject 1 ml of tracer 1210 mm in length and 35 mm inner diameter provided (nearly 5N Sodium Chloride solution) in the reactor inlet. with two inlets at one end opposite to each other and Samples of reactor effluent are collected at frequent inclined at 45° with the axis of the tube. The inlet is 15mm intervals (of 5 seconds). From the quantity of sample in diameter. Four intermediate outlets are provided at collected, a small quantity of sample (10ml) is titrated 212mm apart, along the length of the tube. These exits against a 0.05 N silver nitrate solution. The volume of serve as manometer tappings for pressure drop silver nitrate consumed is directly proportional to the experiments and would be used to turn out reactor concentration of sodium chloride solution in the outlet effluent at intermediate length of the tube when stream. The sample collection is done for sufficient time conversion experiments are carried out. Alternatively, interval (for t>5E, where E is the average retention time). they would also be used to insert thermometer with slight
The above experiments are repeated until concordant litre modification, when the heat transfer experiments are values are obtained. The flow rate is then varied and the conducted. Those exits not in use are normally kept above mentioned procedure is repeated. For the annulus closed by spring-type inch cocks on flexible rubber tube with mixing elements the flow rate range covered is 40-120 fitted on to the side exits.
litre/hr, as above 120 litre/hr, the average retention time ones. In all, the reactor contains thirty five elements,
The tracer is introduced into the reactor inlet. ( ) where is residence time distribution, is a constant, the coding scheme used in fitting linear regression models 0 C is the first design factor(concentration of the solution), and it results in all the values of X and X falling is the second design factor (residence time). The natural between-1 and +1 and the simulated value of residence unit values of C and are coded as variables X and X time distribution by regression model (for different 1 2 respectively. volumetric flow rate).
distribution. Table 1 shows that the least squares fit with volumetric flow rate(40l/hr-120 l/hr). Detailed comparisons of the measured and predicted RTD have been made and these comparisons show that the model captures the growth and evolution of the RTD and its subsequent distortion. The model also predicts a slower than measured recovery of the RTD. The agreement between the predicted and measured RTD is excellent. This work quantitatively measures the micromixing efficiency in a static mixer.
CONCLUSIONS
Detailed comparisons of the measured and predicted RTD Residence time distribution (RTD) studies were performed in tubular flow reactor with motionless mixing elements. In this paper, Regression model simulations for the prediction of RTD for fluid flow in a tubular reactor with static mixer. The theoretical RTD results obtained from the application of the regression model have been compared with the results obtained by performing the experiments in tubular reactor with Static mixer. The experimental and computational evidence of RTD in Static mixer is provided in this paper. The comparison is commonly scaled to the minimum standard error which yields the result that the regression model simulated results are good fit to the experimental data. The comparison validates our synthetic modelling and shows that the regression model is the best model to predict RTD for Static mixer. The fact proves that the model is best suited for our target applications.
